A physical map of the genome of Cryptophlebia leucotreta granulosis virus (CIGV) was constructed for the restriction enzymes BamHI, EcoRI, Kpnl, NdeI, NruI, SacI and XhoI using hybridization techniques. The size of the viral genome was determined to be 112.4 kbp. A restriction fragment library covering almost the entire genome of CIGV was constructed, and the position of the granulin gene was identified by cross-hybridization with granulin coding fragments of Cydia pomonella granulosis virus (CpGV). Two further regions of intergenomic similarity between CIGV and CpGV were mapped. These regions were aligned and show a collinear arrangement.
Introduction
Cryptophlebia leucotreta granulosis virus (C1GV) is considered to be a highly specific and effective control agent of the false codling moth, C. leucotreta, which is a serious pest of cotton, citrus, maize and many other crop plants in equatorial and tropical Africa (Fritsch, 1988) . CIGV belongs to the family Baculoviridae [genus granulosis virus (GV)] and has 50 to 80 nm × 200 to 400 nm sized virions which are occluded by a matrix protein, called granulin, which has an Mr of about 29K. The genome consists of double-stranded, supercoiled, circular DNA. Since the first description of CIGV, which had been isolated from infected larvae from the Ivory Coast (Angelini et al., 1965) , further isolates have been found. One was isolated from laboratory colony larvae from the Hoechst Corporation which originated in South Africa. Another one was obtained from diseased larvae which were collected on the Cape Verde Islands (Miick, 1985) . All these isolates can be clearly distinguished by restriction analysis.
A biochemical comparison between CIGV and Cydia pomonella granulosis virus (CpGV), the GV of the closely related codling moth, showed several similarities in the protein patterns after SDS gel electrophoresis but no similarity in the restriction patterns of the DNAs (Fritsch et al., 1990) . Moreover, an asymmetric crossinfectivity of the two viruses has been observed. In bioassays with neonatal larvae C1GV infects larvae of C. leucotreta, but not C. pomonella, whereas CpGV is virulent for both C. leucotreta and C. pomonella.
However, the susceptibility of C. leucotreta to CpGV is about 1000 times lower than that to C1GV (Fritsch et al., 1990) .
In contrast to nuclear polyhedrosis viruses, little is known about the molecular biology of GVs (for review see Crook, 1991) . The granulin gene is the only one of any GV genome which has been sequenced (Akiyoshi et al., 1985; Chakerian et al., 1985) and restriction maps have been constructed for only a few GVs, e.g. CpGV (Crook et al., 1985) and Pieris (= Artogeia) rapae GV (Dwyer & Granados, 1987; Smith & Crook, 1988a) . As a first step towards a more detailed characterization of the genome of CIGV and its relationship to other GVs a physical map of the genome of the Cape Verde Island CIGV isolate was constructed and the genomic similarity to CpGV was examined.
Methods
CIGV and CpGV propagation. CIGV-CV3 was isolated by in vivo cloning (Smith & Crook, 1988b) of the CIGV wild-type which was found on the Cape Verde Islands and was propagated in C. leucotreta larvae (Fritsch et al., 1990) . CpGV derives from the Mexican isolate of CpGV (Tanada, 1964) and was propagated in larvae of C. pomonella at the institute in Darmstadt, Germany.
Infected larvae were homogenized in 50 mM-Tris-HC1 pH 8-0 and centrifuged in 50% sucrose (w/w) at 40000 g for 60 min. The pellet was resuspended and the granules were purified by centrifugation (225000g, 90 min) through a linear 50 % to 60% (w/w) sucrose gradient, generating a virus band which was then repeatedly washed in Tris buffer and pelleted at 40000 g for 20 min to remove residual sucrose, DNA purification and restr&tion endonuclease analysis. Virus granules were dissolved in 0-05 bl-Na.,CO3, 1 ~ SDS, followed by double phenol extraction and dialysis against 10 mM-Tris-HCl, 1 mM-EDTA pH 8-0. Viral DNA was digested with restriction enzymes and electrophoresed using standard methods (Sambrook et al., 1989) . Single restriction fragments were purified from agarose gels by precipitation with glass milk (Geneclean, Biol01).
Cloning of restriction fragments. EcoRl or NdeI restriction fragments of CIGV and CpGV DNA were cloned into pGem-3Zf(+) and pGem5Zf(+) phagemid vectors (Promega) using standard methods (Sambrook et al., 1989) . The plasmids were propagated in Escheriehia coli Sure cells (Stratagene) and screened for lacZ complementation.
DNA hybridization and detection. Purified fragments or plasmids containing unique restriction fragments were nick-translated (Rigby et al., 1977) using biotin-14-dATP (BRL). After gel electrophoresis of viral DNA digests the DNA fragments were transferred to Hybond-N (Amersham) (Southern, 1975) . Hybridization was carried out at 42 °C in 50% formamide according to standard methods (Sambrook et al., 1989) , followed by chemiluminescent dephosphorylation of AMPPD (PhotoGene, BRL). For low stringency hybridization the formamide concentration was reduced to 37.5~ or 20~, and the hybridization temperature was lowered to 35°C. The temperature and salt concentration of the post-hybridization washes were also adjusted to stringency levels (Howley et al., 1979) . Semi-quantitative dot blot hybridization of viral DNA was carried out according to Kafatos et al. (1979) and Possee & Kelly (1988) and quantified by scanning exposed X-ray films (Anderson & Young, 1985) . 
Results and Discussion

Physical map of CIG V genome
For the construction of restriction maps for BamHI, EcoRI, KpnI, NdeI, NruI, SacI and XhoI, an in vivo cloned and purified isolate of C1GV obtained from the Cape Verde Islands, designated CIGV-CV3, was used. The resulting restriction patterns are illustrated in Fig. 1 . Fragment sizes were estimated by comparison with size markers in adjacent lanes. For correct size estimation, the fragments were separated in agarose gels of different concentrations. The size of large fragments was estimated by double digestion. By adding the sizes of fragments generated by the restriction enzymes, the size of the entire genome was calculated to be 112.35 kbp (Table 1) , about 14 kbp smaller than the genome of CpGV, which is about 126 kbp (Crook et aL, 1985) . DNA fragments of EcoRI and NdeI digests were cloned into pGem-3Zf(+) and pGem-5Zf(+) phagemids. All EcoRI fragments between 850 bp (fragment U) and 11.5 bp (fragment B) and all NdeI fragments spanning the missing EcoRI fragment A (EcoRI-A) were cloned in this way to establish a phagemid library of nearly the entire genome (Table 1) .
To construct a physical map of the CIGV genome the restriction sites on the isolated or cloned fragment were examined. Viral DNA was also digested with each of the seven restriction enzymes, electrophoresed, Southerntransferred and hybridized to the biotinylated fragments or plasmid clones of C1GV. Since the vector did not show any cross-hybridization with virus DNA the undigested plasmids were biotinylated and used as probes.
By analysing the data of the digestions and hybridizations it was possible to construct a physical map of C1GV DNA containing 84 restriction sites (Fig.  2) . The hybridization data did not show any repeated sequences, but some very weak bands which were not visible in ethidium bromide-stained gels could be detected. These were identified as submolar bands indicating some genetic heterogeneity of the in vivo cloned virus isolate.
Orientation of the restriction map
Following the proposal of Vlak & Smith (1982) , who defined the restriction site adjacent to the smallest restriction fragment containing the polyhedrin gene as the zero point of the physical maps of nuclear polyhedrosis viruses, the position of the granulin gene is used as the zero point for mapping the genomes. For the identification of the granulin gene of C1GV the cloned EcoRI-I and -L fragments of CpGV, which contain the granulin gene of CpGV (Crook et al., 1985) , were used as probes. Both biotinylated fragments hybridized within the NdeI-F of CIGV (compare Fig. 3c , lanes 3 and 4, in which the NdeI-F of C1GV DNA hybridized to the granulin gene-containing fragments EcoRI-I, -L and HindlII-I, -K of CpGV). With an EcoRI and a NruI digest of CIGV, the labelled EcoRI-I of CpGV hybridized to EcoRI-L and NruI-E of C1GV, whereas the EcoRI-L of CpGV hybridized to EcoRI-A and NruI-I (data not shown).
From these results the orientation of the map of CIGV was established corresponding to the order of the EcoRI-I and -L of CpGV. The restriction site between the NruI-E and NruI-I was chosen as the zero point ( Fig. 2 and Fig.  4) . As granulin gene-containing fragments of CpGV hybridize to C1GV DNA, we conclude that the corresponding homologous C1GV fragments constitute the granulin gene.
Comparative hybrid&ation of the genomes of CIG V and CpG V
To gain a more complete impression of the genomic relationship between C1GV and CpGV Southern blot studies were carried out using EcoRI and BamHI digests of CpGV and EcoRI and NdeI digests of CIGV. When the entire genomes of the viruses were used as probes only a few fragments gave strong signals. In addition several fragments with very weak hybrid formation were found (Fig. 3) . The CpGV probe hybridized strongly to the EcoRI-A, -G and -L and the corresponding NdeI-B and -F of CIGV, while weaker signals were obtained with EcoRI-B and NdeI-E. Labelled C1GV DNA hybridized to EcoRI-B, -I and -L and to BamHI-B and -I of CpGV and more weakly to EcoRI-A and BamHI-J. The same hybridization patterns were obtained when only NdeI-F, EcoRI-G and EcoRI-E of CIGV were used as probes. Matching these homologies in the restriction maps revealed two regions with high similarity and a third with weaker hybridization (Fig. 3 and 4) . As mentioned, region I comprises the granulin-coding region. The second homologous region was mapped Southern blot hybridization at lower stringency conditions (37-5~ formamide, 37 °C) showed intergenomic relationships between C1GV and CpGV which were distributed over almost the entire genomes (data not shown). All CIGV and CpGV fragments greater than 2 kbp gave signals. An area which did not show any hybridization under less stringent conditions (neither in 37-5~ nor in 20~ formamide) could be mapped within EcoRI-H and NdeI-H, -M and -Q of CIGV.
The signal strength of all the intergenomic hybridizations was much lower than the controls obtained by selfhybridization of CIGV or CpGV DNA. Hence, only parts, not the whole, of the signal-giving fragments hybridize in reality. The extent of intergenomic identity was estimated by semi-quantitative dot blot analysis which was carried out according to Kafatos et al. (1979) and Possee & Kelly (1988) . Whereas with stringent hybridization conditions (50~ formamide, 42°C) sequence matching of less than 1% was detected, the intergenomic hybridization between CIGV and C9GV increased at lower levels of stringency (37"5~o fcrmamide, 37 °C and 20% formamide, 37 °C) to 4~ and 9~o, respectively.
Southern blot analysis showed some common sequences between the DNAs of CpGV and C1GV, with a few genomic regions considerably more conserved than others. One of the mapped related regions overlaps with the position of the granulin gene, but nothing is known about the genes in the other regions. However, their collinear arrangement on both genomes implies that the structural organization of the two viral genomes has been conserved to a fair degree during evolution. 
